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(54) Stacks of optical fiber ribbons closely bound by respective buffer encasements, associated 
methods, and associated fiber optic cables 



(57) An optical module includes a stack of optical 
fiber ribbons that are within a buffer encasement, such 
as a thin sheath, that closely bounds the periphery of 
the stack. The optical modules can be rectangular, so 
that the optical modules can be readily stacked in a 
manner that results in a very space efficient fiber optic 
cable. The optical modules can be tested prior to being 
incorporated into the fiber optic cable so as to maximize 
the probability of the fiber optic cable being fully opera- 
ble. The sheath cushions all of the sides of the stack. In 
some optical modules, the stack is movable relative to 
the sheath and the optical fiber ribbons are movable rel- 
ative to one another. The sheath is preferably suffi- 
ciently rigid to maintain the stack in a stacked 
configuration, and sufficiently flexible to allow the optical 
fiber ribbons to slide laterally relative to one another so 
that, in an end elevation view of the stack, the stack and 
the sheath can transition from a non-skewed configura- 
tion to a skewed configuration. The lateral displacement 
between the optical fiber ribbons in the skewed configu- 
ration is different from the lateral displacement between 
the optical fiber ribbons in the non-skewed configura- 
tion. The stack can be in a longitudinally twisted config- 
uration, and the sheath is sufficiently rigid to hold the 
stack in the longitudinally twisted configuration. Further, 



the sheath can be thin such that the exterior surface of 
the sheath defines ridges that correspond to the twist of 
the stack. 




FIG. 7 
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4 Description 
Field Of The Invention 

[0001] The present invention pertains to fiber optic 5 
cables and, more particularly, to stacks of optical fiber 
ribbons contained in respective buffer encasements. 

Background Of The Invention 

10 

[0002] Optical fiber is a very popular medium for 
large bandwidth applications, and as a result there is a 
demand for fiber optic cables with greater numbers of 
optical fibers. In response to demands for increased 
optical fiber count in fiber optic cables, optical fiber rib- 15 
bons have been developed. Optical fiber ribbons are 
planar arrays of optical fibers that are bonded together 
as a unit. Optical fiber ribbons are advantageous 
because many ribbons can be stacked on top of each 
other to form a stack of optical fiber ribbons. 20 
[0003] It is conventional for stacks of optical fiber 
ribbons to be incorporated into two different types of 
fiber optic cables that are generally referred to as "cen- 
tral-core" and "loose-tube" cables. In the central-core 
design, a stack of optical fiber ribbons is contained 25 
within a central tube that is located at the center of the 
fiber optic cable. Strength members are positioned 
between the central tube and an outer plastic jacket of 
the cable. In contrast, loose-tube fiber optic cables typi- 
cally include a number of relatively small buffer tubes 30 
that are positioned around a central strength member, 
and each buffer tube encloses a stack of optical fiber 
ribbons. The buffer tubes are longitudinally stranded 
around the central strength member, meaning that the 
buffer tubes are rotated around the central strength 35 
member along the length of the fiber optic cable. 
[0004] It is conventional for the above-referenced 
tubes that contain respective stacks of optical fiber rib- 
bons to be round, and for the stacks of optical fiber rib- 
bons to be generally rectangular. Therefore, for each 40 
tube and the stack of optical fiber ribbons it contains, 
there is space defined between the interior surface of 
the tube and the periphery of the stack. In some appli- 
cations that space is utilized to allow for relative move- 
ment between the stack of optical fiber ribbons and the 45 
tube, and that relative movement diminishes the 
stresses to which the optical fibers are exposed. How- 
ever, in some applications that space can be character- 
ized as wasted space. In some applications that space 
is filled with a gel, such as a thixotropic gel, that cush- 50 
ions the stack of optical fiber ribbons to diminish the 
stresses to which the optical fibers are exposed. How- 
ever, in some applications those gels are considered a 
nuisance because they are messy and must be dealt 
with when entering a fiber optic cable for the purpose of 55 
forming a splice between optical fibers or inspecting 
optical fibers. In addition, for a generally rectangular 
stack of optical fibers within a round tube, the optical fib- 



ers at the corners of the stack will often bear the brunt 
of any stresses caused by contact between the optical 
fibers and the interior of the tube, even if a gel is within 
the tube. 

[0005] As the numbers of optical fibers within fiber 
optic cables increases, the likelihood of a cable having 
inoperative optical fibers increases. Often the operabil- 
ity of optical fibers within an fiber optic cable is evalu- 
ated after the fiber optic cable has been fully 
manufactured. Determining that a fiber optic cable with 
a large number of optical fibers has an unacceptable 
number of inoperative optical fibers is very disadvanta- 
geous, because it is expensive to repair or rebuild such 
a cable. 

SUMMARY OF THE INVENTION 

[0006] The present invention solves the above 
problems, and other problems, by providing an optical 
module that is in the form of a stack of optical fiber rib- 
bons that are within a buffer encasement, which is pref- 
erably a thin sheath, that closely bounds the periphery 
of the stack. Because the sheath closely bounds the 
periphery of the stack, the sheath cushions all of the 
sides of the stack. Accordingly, it is preferred that the 
sheath not contain any thixotropic gels, or the like. 
[0007] In accordance with one aspect of the present 
invention, the sheath is relatively thin. More specifically, 
each optical fiber ribbon has a pair of longitudinally 
extending opposite edges and a pair of longitudinally 
extending opposite surfaces that extend laterally 
between the edges, and each optical fiber ribbon has a 
thickness defined between its opposite surfaces. In an 
end elevation view of the sheath at least a majority of 
the sheath has a thickness defined between interior and 
exterior surfaces of the sheath. The thickness of the 
sheath is not substantially greater than the thickness of 
each of the optical fiber ribbons. 
[0008] Whereas the interior surface of the sheath 
can be adhered to the stack, in accordance with one 
aspect of the present invention the interior surface of the 
sheath is not adhered to the stack so that the stack is 
capable of moving relative to the sheath. It is preferred 
for a lubricant to enhance the moveability of the stack 
relative to the sheath and the moveability of the optical 
fiber ribbons relative to one another. Further, the sheath 
is preferably sufficiently rigid to maintain the stack in a 
stacked configuration, and sufficiently flexible to allow 
the optical fiber ribbons to slide laterally relative to one 
another so that, in an end elevation view of the stack, 
the stack and the sheath can transition from a non- 
skewed configuration to a skewed configuration. The 
lateral displacement between the optical fiber ribbons in 
the skewed configuration is different from the lateral dis- 
placement between the optical fiber ribbons in the non- 
skewed configuration. In accordance with a method of 
the present invention, at least one optical module is 
transitioned from the non-skewed configuration to the 
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4 skewed configuration when being enclosed within a 
fiber optic cable. 

[0009] In accordance with another aspect of the 
present invention, the stack of optical fiber ribbons and 
the sheath of an optical module are both generally rec- 5 
tangular, so that the optical modules can be readily 
stacked in a manner that results in a very space efficient 
fiber optic cable. Further, the optica! modules can be 
tested prior to being incorporated into the fiber optic 
cable so as to maximize the probability of the fiber optic 10 
cable being fully operable. 

[0010] In accordance with another aspect of the 
present invention, the stack is in a longitudinally twisted 
configuration, and the sheath is sufficiently rigid to hold 
the stack in the longitudinally twisted configuration. Fur- 15 
ther, the sheath is preferably thin such that the exterior 
surface of the sheath defines ridges that correspond to 
the twist of the stack. 

[0011] In accordance with another aspect of the 
present invention, in an end elevation view of the stack, 20 
the periphery of the stack defines a shape, and in an 
end elevation view of the sheath the interior surface of 
the sheath defines a shape. The shape defined by the 
interior surface of the sheath is substantially similar to 
the shape defined by the periphery of the stack. In addi- 25 
tion, it is preferred for the exterior surface of the sheath 
to define a shape, in an end elevation view thereof, that 
is substantially similar to the shape defined by the 
periphery of the stack in the end elevation view of the 
stack. More specifically, the periphery of the stack 30 
bounds a first area in the end elevation view of the 
stack, the interior surface of the sheath bounds a sec- 
ond area in the end elevation view of the sheath, and 
the first and second areas are approximately equal. 
[0012] In accordance with another aspect of the 35 
present invention, in the end elevation view of the 
sheath the exterior surface of the sheath defines gener- 
ally polygon-like shape, and the sheath comprises thick- 
ened or bulbous-like portions proximate to the corners 
of the polygon-like shape. 40 
[0013] In accordance with another aspect of the 
present invention, one or more of the optical modules 
are longitudinally stranded around a central member, 
which can be a strength member or a spacer, with the 
optical modules and the central member enclosed 45 
within a jacket. 

Brief Description Of The Drawings 

[0014] so 

Figure 1 is a perspective view of an optical module 
in accordance with a first embodiment of the 
present invention. 

55 

Figure 2 is an end elevation view of the optical mod- 
ule of Figure 1 . 



Figure 3 is an isolated perspective view of an opti- 
cal fiber ribbon of the optical module of Figure 1 . 

Figure 4 is an isolated end elevation view of a stack 
of optical fiber ribbons of the optical module of Fig- 
ure 1. 

Figure 5 is an end elevation view of the optical mod- 
ule of Figure 1 in a skewed configuration, in accord- 
ance with the first embodiment of the present 
invention. 

Figure 6 is partially schematic, isolated end eleva- 
tion view of a buffer encasement of the optical mod- 
ule of Figure 1. 

Figure 7 is a perspective view of an optical module 
in accordance with a second embodiment of the 
present invention. 

Figure 8 is a partially schematic, end elevation view 
of an optical module in accordance with a third 
embodiment of the present invention. 

Figure 9 is a partially schematic, end elevation view 
of an optical module in accordance with a fourth 
embodiment of the present invention. 

Figure 1 0 is a perspective view of an optical module 
in accordance with a fifth embodiment of the 
present invention. 

Figure 11 is an end elevation view of the optical 
module of Figure 10. 

Figure 12 is a perspective view of an optical module 
in accordance with a sixth embodiment of the 
present invention. 

Figure 1 3 is an end elevation view of the optical 
module Figure 12. 

Figure 14 is an end elevation view of an optical 
module in accordance with a seventh embodiment 
of the present invention. 

Figure 15 diagrammatically illustrates an assembly 
of manufacturing equipment that is operative for 
manufacturing optical modules, in accordance with 
several methods of the present invention. 

Figure 16 is a schematic end elevation view of a 
fiber optic cable in accordance with an eighth 
embodiment of the present invention. 

Figure 17 is a schematic end elevation view of a 
fiber optic cable in accordance with a ninth embod- 
iment of the present invention. 
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Figure 18 is a schematic end elevation view of a 
fiber optic cable in accordance with a tenth embod- 
iment of the present invention. 

Figure 19 is a schematic end elevation view of a 
fiber optic cable in accordance with an eleventh 
embodiment of the present invention. 

Figure 20 is a schematic an end elevation view of a 
fiber optic cable in accordance with a twelfth 
embodiment of the present invention. 

Figure 21 is a schematic end elevation view of a 
fiber optic cable in accordance with a thirteenth 
embodiment of the present invention. 

Figure 22 is an isolated perspective view of a cen- 
tral member of a fiber optic cable in accordance 
with a first version of the thirteenth embodiment of 
the present invention. 

Figure 23 is an isolated perspective view of a cen- 
tral member of a fiber optic cable in accordance 
with a second version of the thirteenth embodiment 
of the present invention. 

Figure 24 is a schematic end elevation view of a 
fiber optic cable in accordance with a fourteenth 
embodiment of the present invention. 

Figure 25 is a schematic end elevation view of a 
fiber optic cable in accordance with a fifteenth 
embodiment of the present invention. 

Figure 26 is a schematic end elevation view of a 
fiber optic cable in accordance with a sixteenth 
embodiment of the present invention. 

Detailed Description Of The Invention 

[0015] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the 
invention are shown. This invention may, however, be 
embodied in many different forms and should not be 
construed as limited to the embodiments set forth 
herein; rather, these embodiments are provided so that 
this disclosure will be thorough and complete, and will 
fully convey the scope of the invention to those skilled in 
the art. Like numbers refer to like elements throughout. 
[0016] Figures 1-14 illustrate optical modules 30a, 
30b, 30c, 30d, 30e, 30f, 30g in accordance with pre- 
ferred embodiments of the present invention. Methods 
of manufacturing the optical modules 30a, 30b, 30c, 
30d, 30e, 30f, 30g are described with reference to Fig- 
ure 15, which diagrammatically illustrates an assembly 
of manufacturing equipment. Each of the optical mod- 
ules 30a, 30b, 30c, 30d, 30e, 30f, 30g in isolation can be 



characterized as a fiber optic cable, or each of the opti- 
cal modules can be a component of a fiber optic cable 
that includes other components, such as an outer jacket 
that surrounds one or more optical modules. Figures 
5 16-26 illustrate such fiber optic cables and components 
thereof. Accordingly, this Detailed Description of the 
Invention section includes an Optical Modules subsec- 
tion, a Methods of Manufacturing Optical Modules sub- 
section, and a Fiber Optic Cables subsection. 

10 

Optical Modules 
First Embodiment 

15 [0017] Figures 1 and 2 are perspective and end ele- 
vation views, respectively, of an optical module 30a in 
accordance with a first embodiment of the present 
invention. The optical module 30a extends in a longitu- 
dinal direction and is uniform along its length. The opti- 

20 cal module 30a includes a longitudinally extending 
ribbon stack 32a. The ribbon stack 32a is uniform along 
its length and is a stack of longitudinally extending opti- 
cal fiber ribbons 34. The optical module 30a further 
includes a longitudinally extending buffer encasement 

25 36a, which is preferably in the form of a thin sheath, that 
is uniform along its length and extends around and 
closely encases the ribbon stack 32a. The buffer 
encasement 36a can also be referred to or character- 
ized as an enclosure. The buffer encasement 36a is 

30 preferably constructed of a polymeric material. Specifi- 
cally, the buffer encasement 36a preferably has a mod- 
ulus of elasticity between approximately 5x1 0 4 pounds 
per square inch and 1x10 2 pounds per square inch, and 
most preferably the modulus of elasticity is approxi- 

35 mately 5x1 0 3 pounds per square inch. 

[0018] As best seen in Figure 2, in accordance with 
the first embodiment, in an end elevation view thereof 
the optical module 30a defines a generally parallelo- 
gram-like shape having rounded corners. More specifi- 

40 cally, as illustrated in Figures 1 and 2, the optical 
module 30a is in a generally rectangular configuration, 
which can also be characterized as a non-skewed con- 
figuration. For example, the optical module 30a can be 
characterized as being in the generally rectangular con- 

45 figuration because, as best seen in Figure 2, angles of 
approximately ninety degrees are defined between the 
vertical and horizontal segments of the buffer encase- 
ment 36a. 

[0019] As shown in Figure 2, a height "H" cross- 
50 dimension is defined between opposite top and bottom 
sides of the optical module 30a. In addition, a width "W" 
cross-dimension that is perpendicular to the height H is 
defined between opposite right and left sides of the opti- 
cal module 30a. As will be discussed in greater detail 
55 below with reference to Figures 21 and 24-26, fiber 
optic cables having combinations of optical modules 
with different heights H and widths W are within the 
scope of the present invention. 
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[0020] Throughout this Detailed Description of the 
Invention section of this disclosure, items are described 
in the context of specific orientations, such as horizontal 
and vertical orientations. Those orientations are 
intended to provide a frame of reference to aid in the 
explanation of the present invention. The present inven- 
tion can be described in the context of other orientations 
and is not limited to any specific orientation. 
[0021] Figure 3 is a perspective view of a represent- 
ative optical fiber ribbon 34 of the optical module 30a 
(Figures 1 and 2). In accordance with the present inven- 
tion, one acceptable design for the optical fiber ribbons 
34 is described in U.S. Patent No. 4,900,126, which is 
incorporated herein by reference. More specifically, 
each optical fiber ribbon 34 extends longitudinally and 
includes a lateral array of conventional coated optical 
fibers 38 that transmit light. Whereas eight optical fibers 
38 are shown in Figure 3, it is generally preferred for 
there to be twelve or twenty-four optical fibers in each 
optical fiber ribbon 34, and it is within the scope of the 
present invention for each optical fiber ribbon to include 
a greater or lesser number of optical fibers. 
[0022] Each optical fiber ribbon 34 further includes 
a solidified bonding material 40 that fills the interstices 
between the optical fibers 38, binds together the optical 
fibers, and extends to the outside boundary of the opti- 
cal fiber ribbon 34. Each optical fiber ribbon 34 includes 
a pair of opposite edges 42 t 44 that extend in the longi- 
tudinal direction, and a pair of opposite flat lateral sur- 
faces 46, 48 that extend laterally between the edges 42, 
44 and in the longitudinal direction. Referring back to 
Figure 2, the generally rectangular configuration of the 
optical module 30a is further characterized by the flat 
lateral surfaces 46, 48 (Figure 3) of adjacent optical 
fiber ribbons 34 being substantially entirely contiguous. 
[0023] The solidified bonding material 40 (Figure 3) 
is acceptably a known ultraviolet-curable matrix material 
that includes a resin, a diluent and a photoinitiator. The 
resin may include a diethylenic-terminated resin synthe- 
sized from a reaction of hydroxy-terminated alkyl acr- 
ylate with the reaction product of a polyester of polyethyl 
polyol of molecular weight of 1,000 to 6,000 with an 
aliphatic or aromatic diisocyanate, or diethylenic-termi- 
nated resin synthesized from the reaction of glycidyl 
acrylate with a carboxylic-terminated polymer or poly- 
ether of molecular weight 1,000 to 6,000. The diluent 
may include monofunctional or multifunctional acrylic 
acid esters having a molecular weight of 100 to 1 ,000 or 
N-vinylpyrrolidinone. For the photoinitiator, the composi- 
tion may include ketonic compounds such as diethoxy- 
acetophenone, acetophenone, benzophenone, 
benzoin, anthraquinone, and benzil dimethyl ketal. In a 
typical composition, the bonding matrix may include a 
resin (50-90%), diluents (5-40%), and a photoinitiator 
(1-10%). All percentages are by weight unless other- 
wise noted. Other bonding matrices may include a 
methacrylate, an ultraviolet-curing epoxide or an 
unsaturated polyester. 



[0024] Figure 4 is an isolated end elevation view of 
the ribbon stack 32a of the optical module 30a (Figures 
1 and 2) in the generally rectangular configuration. That 
is, as illustrated in Figure 4, the ribbon stack 32a defines 

5 a generally rectangular shape and the flat lateral sur- 
faces 46, 48 (Figure 3) of adjacent optical fiber ribbons 
34 are substantially entirely contiguous. In Figure 4, the 
ribbon stack 32a is illustrated as including four optical 
fiber ribbons 34, with each of the optical fiber ribbons 

10 containing eight optical fibers 38. In Figure 4 only a few 
of the optical fibers 38 are specifically identified with 
their reference numeral. In accordance with the first 
embodiment, it is preferred for the ribbon stack 32a to 
be in the form of a stack of twelve longitudinally extend- 

75 ing optical fiber ribbons 34, with each optical fiber rib- 
bon including a laterally extending one-dimensional 
array of twelve optical fibers 38. However, ribbon stacks 
32a containing different numbers of optical fiber ribbons 
34 and optical fiber ribbons containing different num- 

20 bers of optical fibers 38 are within the scope of the 
present invention. 

[0025] In accordance with the first embodiment, the 
buffer encasement 36a (Figures 1 and 2) may or may 
not be adhered to the ribbon stack 32a. As best seen in 

25 Figure 4, the ribbon stack 32a has a top side 52, bottom 
side 54, right side 56, and left side 58. In accordance 
with an unadhered version of the first embodiment, 
which is most preferred, the buffer encasement 36a is 
not adhered to the sides 52, 54, 56, 58 of the ribbon 

so stack, so that the ribbon stack can move relative to the 
buffer encasement. As will be discussed in greater 
detail below, in accordance with this unadhered version, 
each of the sides 52, 54, 56, 58 is lubricated, in contact 
with the interior surface of the buffer encasement 36a, 

35 and can move longitudinally relative to the buffer 
encasement. In contrast, in accordance with an 
adhered version of the first embodiment, the buffer 
encasement 36a is adhered to the sides 52, 54, 56, 58 
of the ribbon stack 32a, so that the ribbon stack is 

40 restricted from moving relative to the buffer encase- 
ment. 

[0026] As best seen in Figure 4, in accordance with 
the first embodiment, interstices 50 that are arranged 
along the right and left sides 56, 58 of the ribbon stack 

45 32a are defined between the edges 42, 44 (Figure 3) of 
adjacent optical fiber ribbons 34. As best seen in Figure 
2, in accordance with the illustrated version of the first 
embodiment, interstices 50 are not filled by the buffer 
encasement 36a. In accordance with another version of 

50 the first embodiment, the interstices 50 are filled by the 
buffer encasement 36a. Whether or not the interstices 
50 are filled by the buffer encasement 36a generally 
depends on the method by which, and the material from 
which, the buffer encasement is formed. As will be dis- 

55 cussed in greater detail below, numerous methods for 
forming the buffer encasement 36a are within the scope 
of the present invention. 

[0027] As shown in Figure 4, each optical fiber rib- 
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*bon 34 defines approximately the same thickness T1. 
As best seen in Figure 6, which is an isolated end eleva- 
tion view of the buffer encasement 36a of the optical 
module 30a (Figures 1 and 2) in the rectangular config- 
uration, the buffer encasement 36a can be character- 
ized as including four separate walls, each of which 
defines approximately the same thickness T2. In 
accordance with the first embodiment, the thickness T1 
(Figure 4) of each of the optical fiber ribbons 34 (Figures 
1-3) is preferably at least approximately as great as the 
thickness T2 of the buffer encasement 36a. Stated more 
specifically and differently, in accordance with the first 
embodiment in the entirety of the buffer encasement 
36a has a thickness of approximately T2 that is prefera- 
bly not greater than the thickness T1 of each optical 
fiber ribbon 34. In accordance with the first embodi- 
ment, the thickness T1 of each optical fiber ribbon 34 is 
approximately 0.012 to 0.02 inches, or most preferably 
approximately 0.012 inches. In accordance with the first 
embodiment, the thickness T2 of the buffer encasement 
36a is approximately 0.003 to 0.012 inches, or more 
preferably approximately 0.007 to 0.012 inches, or most 
preferably approximately 0.008 to 0.009 inches. 
[0028] Figure 5 is an end elevation view of the opti- 
cal module 30a in a skewed configuration, in accord- 
ance with the first embodiment. For example, the optical 
module 30a can be characterized as being in the 
skewed configuration because oblique angles are 
defined between the generally vertical and horizontal 
segments of the buffer encasement 36a, and the lateral 
surfaces 46, 48 (Figure 3) of adjacent optical fiber rib- 
bons 34 are not entirely contiguous. That is, adjacent 
optical fiber ribbons 34 are at least partially laterally dis- 
placed from one another. Because the buffer encase- 
ment 36a is constructed of a relatively thin flexible 
material, the optical fiber ribbons 34 are capable of slid- 
ing laterally relative to one another when oppositely ori- 
ented lateral forces are applied against the optical 
module 30a, so that the optical module transitions from 
the generally rectangular configuration (Figures 1 and 
2) to the skewed configuration. That is, the buffer 
encasement 36a is constructed and arranged to be flex- 
ible enough to allow the optical fiber ribbons 34 to slide 
laterally relative to one another so that, in an end eleva- 
tion view thereof, the stack can transition from an 
approximately rectangular arrangement to the skewed 
configuration. The buffer encasement 36a is further 
constructed and arranged to be rigid enough to main- 
tain the stack of optical fiber ribbons 34 in a stacked 
configuration when the optical module 30a is transi- 
tioned from the generally rectangular configuration to 
the skewed configuration. Further, the buffer encase- 
ment 36a is constructed and arranged so that the opti- 
cal module 30a is biased toward the generally 
rectangular configuration. 

[0029] In accordance with the illustrated version of 
the first embodiment, the ability of the optical module 
30a to be readily transitioned between the generally 



rectangular configuration (Figures 1 and 2) and the 
skewed configuration (Figure 5) is enhanced by virtue of 
the interstices 50 (Figure 4) defined between the edges 
42, 44 (Figure 3) of adjacent optical fiber ribbons 34 not 

5 being filled by the buffer encasement 36a. Further, in 
accordance with the unadhered version of the first 
embodiment, a coating of lubricant (not shown), such as 
oil or the like, as will be discussed in greater detail 
below, is upon the edges 42, 44 and lateral surfaces 46, 

10 48 (Figure 3) of each of the optical fiber ribbons 34. The 
lubricant enhances the ability of the optical fiber ribbons 
34 to be moved laterally and longitudinally relative to 
one another and relative to the buffer encasement 36a. 
Therefore, the lubricant enhances the ability of the opti- 

1 5 cal module 30a to be transitioned between the generally 
rectangular configuration and the skewed configuration. 
[0030] As best seen in Figure 6, the buffer encase- 
ment 36a includes an interior surface 60a and an exte- 
rior surface 62a. The interior surface 60a extends 

20 around and defines a longitudinally extending passage 
64. In accordance with the first embodiment, in both the 
generally rectangular configuration (Figures 1 and 2) 
and the skewed configuration (Figure 5), the interior sur- 
face 60a closely bounds the periphery of the ribbon 

25 stack 32a (Figures 1 , 2, and 3) and the exterior surface 
62a closely bounds the interior surface. The close 
bounding of the interior and exterior surfaces 60a, 60b 
provides for efficient packaging of multiple of the optical 
modules 30a (Figures 1 , 2, and 5), as will be discussed 

30 in greater detail below. More specifically, in an end ele- 
vation view of the optical module 30a during both the 
generally rectangular configuration and the skewed 
configuration, the interior surface 60a defines a shape 
that is substantially similar to the shape defined by the 

35 periphery of the ribbon stack 32a (Figures 1, 2, 4, and 
5), with substantially the only difference between the 
shapes being that the interstices 50 (Figure 4) are not 
filled by the buffer encasement 36a. In addition, in the 
end elevation view of the optical module 30a during both 

40 the generally rectangular configuration and the skewed 
configuration, the exterior surface 62a also defines a 
shape that is substantially similar to the shape defined 
by the periphery of the ribbon stack 32a, with substan- 
tially the only difference between the shapes being that 

45 the interstices 50 are not filled by the buffer encasement 
36a. In both the generally rectangular configuration and 
the skewed configuration, in the end elevation view of 
the optical module 30a, the periphery of the ribbon 
stack 32a bounds a first area and the interior surface of 

so the buffer encasement 36a bounds a second area, and 
the first and second areas are approximately equal. 
[0031] In accordance with a first version of the first 
embodiment, the buffer encasement 36a is homoge- 
nous, meaning that all portions of the buffer encase- 

55 ment have approximately the same properties, such as 
hardness and modulus of elasticity. As best understood 
with reference to Figure 6, in accordance with a second 
version of the first embodiment, the buffer encasement 
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36a has an inner portion 68a and an outer portion 70a 
that are preferably not physically separate from one 
another but that have different properties, such as hard- 
ness and modulus of elasticity. Although there is not 
necessarily a clearly visible distinction between the 5 
inner and outer portions 68a, 70a with the naked eye 
and the transition between the inner and outer portions 
may be gradual, for purposes of explanation a separa- 
tion line 66 is illustrated by broken lines in Figure 6 to 
demonstrate a boundary between the inner and outer to 
portions. In accordance with the second version of the 
first embodiment, the outer portion 70a has a hardness 
and modulus of elasticity that are greater than the hard- 
ness and modulus of elasticity of the inner portion 68a. 
More specifically, in accordance with the second version 75 
of the first embodiment, the inner portion 68a of the 
buffer encasement 36a preferably has a modulus of 
elasticity between approximately 2x1 0 4 pounds per 
square inch and 1x10 2 pounds per square inch, and 
most preferably the modulus of elasticity of the inner 20 
portion is approximately 1x10 3 pounds per square inch. 
In contrast, in accordance with the second version of 
the first embodiment, the outer portion 70a of the buffer 
encasement 36a preferably has a modulus of elasticity 
between approximately 6x1 0 5 pounds per square inch 25 
and 2x1 0 4 pounds per square inch, and most preferably 
the modulus of elasticity of the outer portion is approxi- 
mately 2x1 0 5 pounds per square. 
[0032] In accordance with the first embodiment, it is 
preferred for the optical fibers 38 and the optical fiber 30 
ribbons 34 to be conventionally color-coded or marked 
with identifying indicia, or the like, for identification pur- 
poses. It is preferred for the buffer encasement 36a to 
be clear so that the identifying colors or markings of the 
optical fiber ribbons 34 and / or optical fibers 38 can be 35 
seen through the buffer encasement. Alternatively or in 
addition, different buffer encasements 36a are color- 
coded or marked with identifying indicia, or the like, for 
identification purposes. 

[0033] In accordance with a version of the first 40 
embodiment, the buffer encasement 36a can be easily 
torn so that the buffer encasement can be easily 
removed from the ribbon stack 32a. In accordance with 
one example of this easily torn version, the buffer 
encasement 36a has an ultimate tensile strength of less 45 
than approximately 2x1 0 3 pounds per square inch and a 
thickness T2 (Figure 6) of less than approximately 0.020 
inches. In accordance with this example of the easily 
torn version, the buffer encasement 36a is acceptably 
constructed of low-density polyethylene, or the like. 50 
[0034] In accordance with another example of the 
easily torn version, the buffer encasement 36a is easily 
tearable because it is constructed of a polymeric mate- 
rial that contains one or more fillers, such as inorganic 
fillers, that reduce the elongation and/or tensile strength 55 
of the polymeric material. Preferably this easily tearable 
buffer encasement has a tensile strength of less than 
approximately 2,000 pounds per square inch, an elon- 



gation of less than approximately 400 percent, and most 
preferably less than approximately 200 percent. In 
accordance with this example, suitable base resins or 
polymers include polyethylene, ethylene-vinyl acetate, 
ethylene-acrylic acid, or the like. In accordance with this 
example, suitable fillers include talc, calcium carbonate, 
aluminum trihydrate, or the like. 

Second Embodiment 

[0035] Figure 7 is a perspective view of an optical 
module 30b in accordance with a second embodiment 
of the present invention. The optical module 30b of the 
second embodiment is identical to the optical module 
30a (Figures 1 , 2, and 5) of the first embodiment, except 
for noted variations and variations apparent to those of 
ordinary skill in the art. 

[0036] In accordance with the second embodiment, 
the ribbon stack 32b of the optical module 30b is longi- 
tudinally twisted when its buffer encasement 36b is 
formed therearound, and the buffer encasement 36b is 
sufficiently rigid to hold the ribbon stack 32b in its 
twisted configuration. In addition, as described above 
for the first embodiment, the buffer encasement 36a of 
the second embodiment is relatively thin and conforms 
closely to the exterior surface of the ribbon stack 32a. 
As a result, the longitudinally extending four corners 71 
of the buffer encasement 36a are arranged so as to 
define a longitudinal twist that corresponds to the twist 
of the ribbon stack 32b, as is shown in Figure 7. That is, 
the exterior surface 62b of the buffer encasement 36b 
defines ridge-like corners 71, which can be character- 
ized as ridges, that define a lay length that corresponds 
to the lay length of the twisted ribbon stack 32b. The 
corners 71 are preferably somewhat rounded. 
[0037] The optical module 30b can have a contin- 
uos helical twist or an S-Z twist. More specifically, the 
ribbon stack 32b can be longitudinally twisted in the 
same direction for the entire length of the buffer encase- 
ment 36b to provide the continuous helical twist. In con- 
trast, it is preferred for the longitudinal twisting of the 
ribbon stack 32b to be periodically reversed, so that the 
optical module 30b has what is referred to by those of 
ordinary skill in the art as an S-Z twist. In this regard, 
along a first section of the buffer encasement 36b the 
ribbon stack 32b is longitudinally twisted in a first direc- 
tion to define a lay length, and the ribbon stack is longi- 
tudinally twisted in an opposite second direction along a 
contiguous second section of the buffer encasement to 
again define the lay length. The lay length is the longitu- 
dinal distance in which the ribbon stack 32b makes a 
complete revolution. That alternating twisting pattern is 
repeated along the entire length of the ribbon stack 30b. 
In accordance with the second embodiment, the lay 
length of the S-Z twist is preferably in the range of 
approximately twelve to thirty-six inches, and most pref- 
erably the lay length is approximately twenty-four 
inches. 
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' Third Embodiment 

[0038] Figure 8 is an end elevation view of an opti- 
cal module 30c in accordance with a third embodiment 
of the present invention. The optical module 30c of the 
third embodiment is identical to the optical module 30a 
(Figures 1 , 2, and 5) of the first embodiment, except for 
noted variations and variations apparent to those of 
ordinary skill in the art. 

[0039] In accordance with the third embodiment, 
the buffer encasement 36c defines a longitudinally 
extending weakened portion. The weakened portion 
preferably extends for the length of the optical module 
30c and is preferably in the form of a longitudinally 
extending frangible portion 72. Whereas the frangible 
portion 72 is shown in the form of a trough-like cutout, 
the frangible portion can be in the form of a series of 
perforations or other voids or means that weaken the 
buffer encasement 36c. The buffer encasement 36c can 
be manually longitudinally torn along the frangible por- 
tion 72 more easily than the buffer encasement can be 
torn at other locations. Nonetheless, the frangible por- 
tion 72 is preferably constructed and arranged so that it 
does not tear inadvertently. 

[0040] The frangible portion 72 is longitudinally torn 
to provide access to the optical fiber ribbons 34 con- 
tained within the buffer encasement 36c. More specifi- 
cally, by tearing the buffer encasement 36c along the 
frangible portion 72, opposite longitudinally extending 
torn edges 74, 76, which are illustrated by broken lines 
in Figure 8, are formed. The torn edges 74, 76 are man- 
ually lifted away from the optical fiber ribbons 34 con- 
tained by the buffer encasement 36c so that a 
longitudinally extending opening 78c is defined between 
the torn edges, as is illustrated by broken lines in Figure 
8. The optical fiber ribbons 34 contained by the buffer 
encasement 36c can be accessed through the opening 
78c. In accordance with an alternative embodiment of 
the present invention, the buffer encasement 36c is con- 
structed of a material that can be easily torn so that the 
buffer encasement can be readily manually longitudi- 
nally torn without including a frangible portion 72. 

Fourth Embodiment 

[0041] Figure 9 is an end elevation view an optical 
module 30d in accordance with a fourth embodiment of 
the present invention. The optical module 30d of the 
fourth embodiment is identical to the optical module 30a 
(Figures 1 , 2, and 5) of the first embodiment, except for 
noted variations and variations apparent to those of 
ordinary skill in the art. 

[0042] In accordance with the fourth embodiment, 
the buffer encasement 36d is preferably a longitudinally 
extending piece of polymeric film or tape. The tape pref- 
erably cannot be penetrated by water and / or may be 
coated with a conventional powder that absorbs water, 
or the like. The buffer encasement 36d includes oppo- 



site longitudinally extending edges 80, 82 that overlap 
one another so the optical fiber ribbons 34 are enclosed 
within the buffer encasement. 

[0043] The surfaces of the edges 80, 82 that are 
5 overlapping and feeing one another are preferably held 
together by a conventional adhesive so that those 
edges remain in their overlapping arrangement. In 
accordance with the unadhered version of the fourth 
embodiment, the adhesive does not cover the entire 
w interior surface of the buffer encasement 36d so the 
optical fiber ribbons 34 contained by the buffer encase- 
ment can move relative to one another and relative to 
the buffer encasement. In accordance with the adhered 
version of the fourth embodiment, the entire interior sur- 
15 face of the buffer encasement 36d is be covered by the 
adhesive so that movement of the optical fiber ribbons 
34 relative to one another as well as relative to the buffer 
encasement is impeded. 

[0044] In accordance with the fourth embodiment, 
20 when access to the optical fiber ribbons 34 within the 
buffer encasement 36c is desired, the edges 80, 82 are 
manually separated to provide access to the optical 
fiber ribbons within the buffer encasement. More specif- 
ically, the separated edges 80, 82 are lifted away from 
25 the optical fiber ribbons 34 contained by the buffer 
encasement 36d so that a longitudinally extending 
opening 78d is defined between the edges, as is illus- 
trated by broken lines in Figure 9. The optical fiber rib- 
bons 34 contained by the buffer encasement 36d can be 
30 accessed through the opening 78d. In addition, the 
edges 80, 82 can be returned to their original configura- 
tions to again fully enclose the optical fiber ribbons 34, if 
desired. 

[0045] In accordance with an alternative embodi- 
35 ment of the present invention, the polymeric tape or 
sheet from which the buffer encasement 36d is con- 
structed is wrapped helically around the optical fiber rib- 
bons 34 to form the buffer encasement, rather than 
being longitudinally applied to the optical fiber ribbons. 

40 

Fifth Embodiment 

[0046] Figures 10 and 11 are perspective and end 
elevation views, respectively, of an optical module 30e 

45 in accordance with a fifth embodiment of the present 
invention. The optical module 30e of the fifth embodi- 
ment is identical to the optical module 30a (Figures 1,2, 
and 5) of the second version of the first embodiment, 
which is discussed above with reference to Figure 6, 

so except for noted variations and variations apparent to 
those of ordinary skill in the art. 
[0047] In accordance with the fifth embodiment, the 
buffer encasement 36e has multiple plies. More specifi- 
cally, the inner and outer portions 68e, 70e are separate 

55 plies. The inner portion 68e includes an outer surface 
86e and the outer portion 70e includes an inner surface 
88e. In accordance with the fifth embodiment, the entire 
inner surface 88e extends around and is in contact with 
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the entire outer surface 86e for the entire length of the 
optical module 30e. In accordance with a first version of 
the fifth embodiment, the inner and outer portions 68e, 
70e are coaxial thermoplastic coextrusions. In accord- 
ance with a second version of the fifth embodiment, the 5 
inner portion 68e is like the tapes or films described 
above with reference to the fourth embodiment, and the 
outer portion 70e is a polymeric extrusion, with the 
thickness of the multi-ply buffer encasement 36e being 
identical to the thickness 12 (Figure 6) of the buffer ^ 
encasement 36a (Figures 1, 2, and 5) of the first 
embodiment. Alternatively the thickness of the multi-ply 
buffer encasement 36e is greater than the thickness of 
the buffer encasement 36a of the first embodiment. A 
third version of the fifth embodiment is identical to the 75 
second version of the fifth embodiment, except that both 
the inner portion 68e and the outer portion 70e are like 
the tapes or films described above with reference to the 
fourth embodiment. 

20 

Sixth Embodiment 

[0048] Figures 12 and 13 are perspective and end 
elevation views, respectively, of an optical module 30f in 
accordance with a sixth embodiment of the present 25 
invention. The optical module 30f of the sixth embodi- 
ment is identical to the optical module 30a (Figures 1 , 2, 
and 5) of the first embodiment, except for noted varia- 
tions and variations apparent to those of ordinary skill in 
the art. 30 
[0049] As best seen in Figure 13, in accordance 
with the illustrated version of the sixth embodiment, the 
interstices 50 (Figure 4) defined between the edges 42, 
44 (Figure 3) of the optical fiber ribbons 34' are filled by 
portions of the buffer encasement 36f. In addition, the 35 
buffer encasement 36f includes thickened portions 90 at 
the opposite four corners thereof. The thickened por- 
tions 90 preferably define bulbous-like shapes that 
cushion the optical fibers positioned at the opposite four 
corners of the ribbon stack 32f. Except for the thickened 40 
portions 90, the thickness of the buffer encasement 36f 
is identical to the thickness T2 (Figure 6) of the buffer 
encasement 36a (Figures 1, 2, 5, and 6) of the first 
embodiment. Accordingly, a vast majority of the buffer 
encasement 36f has a thickness defined between the 45 
interior and exterior surfaces thereof that is not greater 
than the thickness of each of the optical fiber ribbons 34* 
contained by the buffer encasement 36f. 

Seventh Embodiment 50 

[0050] Figure 14 is an end elevation view of an opti- 
cal module 30g in accordance with a seventh embodi- 
ment of the present invention. The optical module 30g 
of the seventh embodiment is identical to the optical 55 
module 30a (Figures 1, 2, and 5) of the first embodi- 
ment, except for noted variations and variations appar- 
ent to those of ordinary skill in the art. 



[0051] The optical module 30g is illustrated in the 
non-skewed configuration in Figure 14 and therefore 
can be characterized as including a generally round rib- 
bon stack 32g and a round buffer encasement 36g. In 
contrast, the ribbon stack 32g and the buffer encase- 
ment 36g may be oblong in an end elevation view 
thereof while the optical module 30g is in the skewed 
configuration. The optical fiber ribbons 34, 34', 34", 34'", 
34"" of the ribbon stack 32g have different widths, and 
some of the optical fiber ribbons are in a side-by-side 
arrangement. In addition, the thickness of the buffer 
encasement 36g is measured in the direction of radii 
that radiate from the center of the optical module 30g in 
an end elevation view thereof. Whereas that thickness 
varies with the angle of the radii, the average thickness 
of the buffer encasement 36g corresponds to the thick- 
ness T2 (Figure 6) of the buffer encasement 62a (Fig- 
ures 1, 2, 5, and 6) of the first embodiment. That is, a 
majority of the buffer encasement 36g has a thickness 
defined between the interior and exterior surfaces 
thereof that is not greater than the thickness (for exam- 
ple see the thickness T1 illustrated in Figure 4) of each 
of the optical fiber ribbons 34, 34', 34", 34"\ 34"" con- 
tained by the buffer encasement 36g. 

Methods of Manufacturing Optical Modules 

[0052] Figure 15 diagrammatically illustrates an 
assembly of manufacturing equipment 92 that is capa- 
ble of acceptably manufacturing optical modules, such 
as the above-discussed optical modules 30a, 30b, 30c, 
30d, 30e, 30f, 30g of the present invention. For the pur- 
pose of describing methods of operation of the assem- 
bly of manufacturing equipment 92, the above- 
described optical modules, ribbon stacks, and buffer 
encasements are referred to generically as optical mod- 
ule 30, ribbon stack 32, and buffer encasement 36. The 
assembly of manufacturing equipment 92 operates 
such that the optical fiber ribbons 34 and the formed rib- 
bon stack 32, buffer encasement 36, and optical module 
30 are continuously longitudinally advanced. 

Upstream Guiding Mechanism 

[0053] As seen in Figure 15, separate optical fiber 
ribbons 34 are drawn in parallel into an upstream guid- 
ing mechanism 94. Whereas only four optical fiber rib- 
bons 34 are illustrated in Figure 15, it is within the scope 
of the present invention for more and less than four opti- 
cal fiber ribbons to be drawn into the assembly of man- 
ufacturing equipment 92. The process of feeding the 
optical fiber ribbons 34 to the upstream guiding mecha- 
nism 94 preferably includes conventionally dispensing 
previously manufactured optical fiber ribbons 34, such 
as dispensing the optical fiber ribbons from reels that 
are positioned upstream from the upstream guiding 
mechanism. 

[0054] In accordance with one example of the 
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1 present invention, the guiding mechanism 94 includes 
multiple rollers, or the like, that defined nips through 
which the optical fiber ribbons 34 are drawn for gener- 
ally aligning the optical fiber ribbons with one another 
and maintaining spaces between the optical fiber rib- 
bons. It is conventional to draw optical fiber ribbons into 
a parallel arrangement, so the operations of the 
upstream guiding mechanism 94 should be understood 
by those of ordinary skill in the art. 

Lubricating Mechanism 

[0055] As illustrated in Figure 1 5, the aligned optical 
fiber ribbons 34 are drawn from the upstream guiding 
mechanism 94 to a lubricating mechanism 96. The 
lubricating mechanism 96 applies lubricant to the edges 
42, 44 (Figure 3) and the lateral surfaces 46, 48 (Figure 
3) of each of the optical fiber ribbons 34. The lubricant 
can be acceptably applied to the optical fiber ribbons 34 
by any of numerous conventional coating techniques. 
For example, liquid lubricant can be applied to the opti- 
cal fiber ribbons 34 by a spraying assembly including 
pump(s) that force liquid lubricant to flow from a reser- 
voir, through piping, and out of spray nozzles that direct 
the lubricant onto the optical fiber ribbons 34. An exam- 
ple of an assembly for applying lubricant to optical fiber 
ribbons is disclosed in U.S. Patent Application No. 
09/179,721, which is incorporated herein by reference. 
In addition, the optical fiber ribbons 34 can be drawn 
through a bath of the lubricant, or drawn between 
absorbent rollers that are saturated with the lubricant. 
Alternatively, powder-type lubricants can be sprinkled 
and blown onto the optical fiber ribbons 34. 
[0056] It is preferred for the applied lubricant not to 
adversely interact with the optical fiber ribbons 34 or the 
buffer encasement 36 formed around the optical fiber 
ribbons. For example, it is preferred for the lubricant not 
to cause the buffer encasement 36 to swell. For exam- 
ple, in accordance with some embodiments of the 
present invention "E"-type hydrocarbon oils are used 
when the buffer encasement 36 is constructed of a low 
density polyethylene material. Specifically, "E"-type 
hydrocarbon oil comprises 22.5% by weight of SHF-402 
polyalphaolefin oil; 75.5% by weight of SHF-82 polyal- 
phaolefin oil; and 2% by weight of IRGANOX® 1076 
antioxidant. These polyalphaolefin oils are commercially 
available from Mobil Chemical Company, and the anti- 
oxidant (stabilizer) is commercially available from the 
Ciba-Geigy Company. This oil has a viscosity between 
54 and 82 centistrokes at 40°C, and a viscosity between 
8 and 12 centistrokes at 100°C when measured in 
accordance with the method of ASTM D-445. These oils 
were selected to have a kinematic viscosity that is less 
than 4000 centistrokes at 100°C. 
[0057] In accordance with other embodiments of 
the present invention a more polar oil, such as glycol, is 
used when the buffer encasement 36 is constructed of 
ethylene-vinyl acetate copolymer. It is also preferred for 



the lubricant that is applied to the optical fiber ribbons 
34 to be water resistant or contain a water absorbent 
powder, or the like. For a majority of the embodiments of 
the present invention, including the second embodi- 
5 ment, a preferred lubricant is stabilized polyalphaolefin 
oil, or the like. Other suitable lubricants include glycol, 
silicone oils, or the like. 

[0058] It is also within the scope of the present 
invention for the assembly of manufacturing equipment 

10 92 not to include the lubricating mechanism 96. For 
example, it is within the scope of the present invention 
for the optical fiber ribbons 34 of an optical module 30 to 
not be lubricated, such as for the unadhered versions of 
the optical module discussed above with reference to 

15 the first embodiment. 

Downstream Guiding Mechanism 

[0059] As illustrated in Figure 15, the optical fiber 
20 ribbons 34 are drawn from the lubricating mechanism 
96 to a downstream guiding mechanism 98. The down- 
stream guiding mechanism 98 includes multiple rollers 
that guide the optical fiber ribbons 34 so that the optical 
fiber ribbons are formed into a ribbon stack 32. It is con- 
25 ventional to arrange optical fiber ribbons 34 into a rib- 
bon stack 32, so the operations of the downstream 
guiding mechanism 98 should be understood by those 
of ordinary skill in the art. 

30 Twisting Mechanism 

[0060] The assembly of manufacturing equipment 
92 is illustrated as further including a twisting mecha- 
nism 99. In accordance with those embodiments of the 

35 present invention in which the ribbon stack 32 is twisted, 
the ribbon stack 32 is drawn from the downstream guid- 
ing mechanism 98 to the twisting mechanism 99. The 
twisting mechanism 99 is operative to impart either a 
continuous helical twist in the ribbon stack 32 or an S-Z 

40 twist, as described above with reference to the second 
embodiment of the present invention. 
[0061] It is preferred, when practicable, for many of 
the optical modules 30 of the present invention to be 
constructed so that their ribbon stacks 32 are S-Z 

45 twisted. For example, in accordance with alternative 
embodiments of the present invention, optical modules 
30 similar to the optical modules 30a (Figures 1 , 2, and 
5), 30c (Figure 8), 30d (Figure 9), and 30e (Figures 10 
and 1 1 ), and discussed variants thereof, have twisted 

so ribbon stacks 32. 

[0062] It is conventional to longitudinally twist rib- 
bon stacks 32, so the operations of the twisting mecha- 
nism 99 should be understood by those of ordinary skill 
in the art. An acceptable example of a twisting mecha- 

55 nism is disclosed in U.S. Patent Application No. 
09/179,721, which has been incorporated herein by ref- 
erence. In accordance with embodiments of the present 
invention in which the ribbon stack 32 is twisted, the rib- 
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bon stack is drawn from the twisting mechanism 99 to 
the encasing mechanism 100. 

[0063] In accordance with some of the embodi- 
ments of the present invention, the ribbon stack 32 is 
not twisted, in which case the twisting mechanism 99 is 
bypassed or omitted from the assembly of manufactur- 
ing equipment 92. That is, in accordance with embodi- 
ments of the present invention in which the ribbon stack 
32 is not twisted, the ribbon stack is drawn from the 
downstream guiding mechanism 98 to an encasing 
mechanism 100. 

Encasing M echanism 

[0064] The encasing mechanism 100 forms the 
buffer encasement 36 around the ribbon stack 32 to 
form the optical module 30. Multiple variations of the 
encasing mechanism 100 are within the scope of the 
present invention, and examples of them will be briefly 
described, followed by a more detailed discussion of 
each. In accordance with a first method of the present 
invention, the encasing mechanism 100 applies a poly- 
meric tape or film to the ribbon stack 32 to form the 
buffer encasement 36. In accordance with a second 
method of the present invention, the encasing mecha- 
nism 100 extrudes thermoplastic material around the 
ribbon stack 32 to form the buffer encasement 36. In 
accordance with a third method of the present invention, 
the encasing mechanism 100 applies an ultraviolet-cur- 
able material onto the ribbon stack 32 and cures that 
material to form the buffer encasement 36. In accord- 
ance with a fourth method of the present invention, the 
encasing mechanism 100 performs the above opera- 
tions in various combinations and subcombinations to 
provide composite buffer encasements 36. 
[0065] First Method : In accordance with the first 
method of the present invention, the buffer encasement 
36 is formed by way of the encasing mechanism 100 
applying a longitudinally extending polymeric tape or 
film to the ribbon stack 32, or helically wrapping the tape 
or film around the ribbon stack to produce an optical 
module 30. It is conventional in the construction of fiber 
optic cables to apply a longitudinally extending tape to a 
longitudinally advancing member, and to helically wrap 
tape around a longitudinally advancing member, so 
those of ordinary skill in the art should be able to select 
a suitable encasing mechanism 100 for carrying out the 
first method. 

[0066] Optical modules 30 constructed in accord- 
ance with the first method include those described 
above with reference to the fourth embodiment and var- 
iations thereof. It is also within the scope of the present 
invention for other optical modules 30 to be constructed 
in accordance with the first method. 
[0067] In accordance with the first method, the 
tapes or films from which the buffer encasement 36 is 
constructed are acceptably constructed from thermo- 
plastic materials, or more specifically polyolefin materi- 



als, or more specifically polyethylene. In accordance 
with the fourth embodiment discussed above, a particu- 
larly suitable tape is conventional water-blocking tape 
with conventional nonwoven polyester backing. 

5 [0068] Second Method : In accordance with the sec- 
ond method of the present invention, the encasing 
mechanism 100 includes one or more extruders that 
extrude the buffer encasement 36 over the ribbon stack 
32. It is conventional in the construction of fiber optic 

10 cables to utilize an extruder to extrude a thermoplastic 
material onto a longitudinally advancing member, so 
those of ordinary skill in the art should be able to select 
a suitable encasing mechanism 100 for carrying out the 
second method. 

15 [0069] In accordance with the second method, the 
material being extruded is acceptably a thermoplastic 
material, or more specifically a polyolefin material, or 
more specifically polyethylene. Further, in accordance 
with the second method, the extrusion(s) may be suffi- 

20 ciently solidified through exposure to the ambient air. 
Alternatively or in addition, the encasing mechanism 
100 can include cooling mechanism(s) that aid in the 
cooling and solidification of the extrusion(s). Acceptable 
cooling mechanisms include water baths, or the like. 

25 [0070] in accordance with a first version of the sec- 
ond method, the encasing mechanism 100 extrudes a 
thermoplastic extrusion around the ribbon stack 32, and 
that extrusion solidifies to form the buffer encasement 
36. More specifically, the initially formed extrusion has 

30 internal dimensions that are larger than the external 
dimensions of the ribbon stack 32, and as the extrusion 
solidifies the extrusion is "drawn down" to the ribbon 
stack 32 to form the buffer encasement 36. As a result 
of the drawing down, the internal dimensions of the 

35 buffer encasement 36 are approximately equal to the 
external dimensions of the ribbon stack 32. For exam- 
ple, the optical module 30a (Figure 1, 2 and 5) of the 
first version of the first embodiment and the optical mod- 
ules 30b, 30c of the second and third embodiments, 

40 respectively, can be constructed in accordance with the 
first version of the second method. In accordance with 
the first version of the second method, a particularly 
suitable material for extruding to form the buffer encase- 
ments 36, and the material that is preferably used to 

45 construct the buffer encasement 36b (Figure 7) of the 
second embodiment, is low-density polyethylene, or the 
like. 

[0071] Second and third versions of the second 
method are similar to the first version of the second 

so method, except in accordance with the second and third 
versions the encasing mechanism 100 forms thermo- 
plastic coextrusions around the ribbon stack 32. In 
accordance with the second version of the second 
method, the facing surfaces of the coextrusions partially 

55 blend together before solidifying, for example to pro- 
duce the nonhomogenous buffer encasement 36a (Fig- 
ure 6) of the second version of the first embodiment. In 
accordance with the second version of the second 
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'method, a preferred material for extruding to form the 
inner portion 68a (Figure 6) of the buffer encasement 
36a is very low density polyethylene-vinyl acetate, ethyl- 
ene-acrylic acid, or the like. In accordance with the sec- 
ond version of the second method, a preferred material 
for extruding to form the outer portion 70a (Figure 6) of 
the buffer encasement 36a is medium or high density 
polyethylene, or the like. 

[0072] In accordance with the third version of the 
second method, the coextrusions do not partially blend 
together before solidifying, for example to produce the 
buffer encasement 36e (Figures 10 and 11) of the fifth 
embodiment. In accordance with the third version of the 
second embodiment, a preferred material for extruding 
to form the inner portion 68e (Figures 10 and 1 1) of the 
buffer encasement 36e is very low density polyethylene, 
ethylene-vinyl acetate, ethylene-acrylic acid, or the like. 
In accordance with the third version of the second 
embodiment, a preferred material for extruding to form 
the outer portion 70e (Figures 10 and 11) of the buffer 
encasement 36e is impact modified polypropylene (pro- 
pylene-ethylene copolymer), or the like. 
[0073] Third Method : In accordance with the third 
method of the present invention, the encasing mecha- 
nism 100 applies an uncured ultraviolet-curable material 
onto and around the ribbon stack 32 and thereafter 
cures the ultraviolet-curable material to form the buffer 
encasement 36 around the ribbon stack. The ultraviolet- 
curable material is cured by exposure to ultraviolet radi- 
ation. As mentioned above, it is conventional to use 
ultraviolet-curable materials is the construction of opti- 
cal fiber ribbons 34, so those of ordinary skill in the art 
should be able to select a suitable encasing mechanism 
100 for carrying out the third method. 
[0074] In accordance with the third method, the 
uncured ultraviolet-curable material can be applied to 
the ribbon stack 32 through the use of several different 
techniques. For example, the uncured ultraviolet-cura- 
ble material can be extruded onto the ribbon stack 32, 
sprayed onto the ribbon stack, or the ribbon stack can 
be drawn through a bath of the uncured ultraviolet-cura- 
ble material. Thereafter, the uncured ultraviolet-curable 
material on the ribbon stack 32 is cured by exposure to 
ultraviolet radiation. 

[0075] Optical modules 30 constructed in accord- 
ance with the third method include those described 
above with reference to the sixth and seventh embodi- 
ments. For example, when constructing the optical mod- 
ule 30f (Figures 12 and 13) of the sixth embodiment, 
preferably a thick ultraviolet-curable material is extruded 
onto the ribbon stack 32f (Figures 12 and 13), and the 
die that is used for the extruding is constructed and 
arranged to define the shape of the resulting buffer 
encasement 36f (Figures 12 and 13). 
[0076] In accordance with the third method, buffer 
encasements 36 having inner and outer portions, such 
as inner and outer portions 68a, 70a (Figure 6), with dif- 
ferent properties can be produced by controlling the 



application of the ultraviolet radiation to the uncured 
ultraviolet-curable material that has been applied to the 
ribbon stack 32. For example, a homogenous ultravio- 
let-curable gel can be applied to a ribbon stack 32 and 

5 then the duration and intensity of the ultraviolet radiation 
imparted on the applied ultraviolet-curable material is 
controlled so the resulting buffer encasement 36 has an 
inner portion and an outer portion, such as inner and 
outer portions 68a, 70a, having different hardness and 

10 modulus of elasticity. For example, it is preferred for the 
inner portion to be softer and have a lower modulus of 
elasticity, and for the outer portion to be harder and 
have a higher modules of elasticity, as described above 
with reference to the second version of the first embod- 

t5 iment. That is, the forming of the buffer encasement 36 
is carried out by coating the stack of optical fiber ribbons 
34 with the ultraviolet-curable material and thereafter 
exposing the ultraviolet-curable material to ultraviolet 
radiation for a predetermined period of time selected so 

20 that on a per unit basis more curing, such as polymeri- 
zation, occurs in the outer portion 70a than the inner 
portion 68a. 

[0077] A suitable ultraviolet-curable material is that 
which is described above as being used in the formation 
25 of the optical fiber ribbons 34. Other suitable ultraviolet- 
curable materials include acrylate materials that are 
polymerized when exposed to ultraviolet radiation to 
create polyacrylate. 

[0078] Fourth Method : In accordance with the 
30 fourth method of the present invention, the first, second, 
and third methods are combined and / or varied to pro- 
duce other optical modules 30. For example, in accord- 
ance with the second version of the fifth embodiment, 
the inner portion 68e (Figures 10 and 1 1 ) is constructed 
35 of a tape or film of polymeric material that blocks water, 
and the outer portion 70e (Figures 10 and 11) is an 
extrusion of polymeric material. 

Weakening Mechanism 

40 

[0079] In accordance with embodiments of the 
present invention in which the buffer encasement 36 
includes a frangible portion 72 (Figure 8), or the like, the 
optical module is drawn from the encasing mechanism 

45 100 to a weakening mechanism 101. The weakening 
mechanism 101 forms a longitudinally extending frangi- 
ble portion, such as the illustrated frangible portion 72, 
in the buffer encasement 36. Suitable frangible portions 
can be formed through the use of a wide variety of 

50 devices, such as cutting, scoring, or piercing devices, or 
the like. 

[0080] In accordance with the third embodiment, 
the weakening mechanism 101 is preferably a machine 
that generates a laser beam that is used to cut the buffer 
55 encasement 36c (Figure 8) to form the frangible portion 
72 (Figure 8). Cutting machines that form precise cuts 
by means of a laser are conventional and readily availa- 
ble 
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Storing Mechanism 

[0081] As illustrated in Figure 15, the completely 
manufactured optical module 30 is drawn to a conven- 
tional storing mechanism 102. A suitable storing mech- 
anism can include a reel that the manufactured optical 
module 30 is drawn onto and wrapped around. Optical 
modules 30 that have been longitudinally twisted, such 
as the optical module 30b (Figure 7) and round optical 
modules, such as the optical module 30g (Figure 14), 
are particularly well suited for being wound onto reels. 
Alternatively, the storing mechanism 102 can include 
barrels that the manufactured optical modules 30 are 
continuously drawn toward and dropped into. 
[0082] Irrespective of the manner in which an opti- 
cal module 30 is stored, it is preferred for the opposite 
ends of the optical module to be readily available so that 
the optical integrity of the optical module can be tested 
prior to incorporating the optical module into a fiber 
optic cable. This is particularly advantageous with 
respect to fiber optic cables that include multiple optical 
modules 30 in parallel. 

Fiber Optic Cables 

[0083] Figures 16-21 and 24-26 illustrates fiber 
optic cables in accordance with embodiments of the 
present invention. For the purpose of describing the 
fiber optic cables, the above-described optical modules 
30a, 30b, 30c, 30d, 30e, 30f, 30g of the present inven- 
tion are referred to generically as optical modules 30, 
because it is within the scope of the present invention 
for each of the below-described fiber optic cables, and / 
or variations thereof, to be constructed with each of the 
above-described optical modules and combinations 
thereof, with exceptions being noted or apparent to 
those of ordinary skill in the art. Likewise, the above- 
described ribbon stacks and buffer encasements are 
respectively referred to generically as ribbon stacks 32 
and buffer encasements 36. 

Eighth Embodiment 

[0084] Figure 16 is a schematic end elevation view 
of a fiber optic cable 108a in accordance with an eighth 
embodiment of the present invention. The fiber optic 
cable 108a includes a centrally located and longitudi- 
nally extending optical module 30 that is preferably sur- 
rounded by a conventional, longitudinally extending 
piece of water-blocking tape 110. A conventional outer 
jacket of polymeric material 112a extends around the 
water-blocking tape 110 and longitudinally extending 
outer strength members 114a are embedded in the 
outer jacket. The space between the water-blocking 
tape 110 and the optical module 30, as well as the 
space between the outer jacket 112a and the water- 
blocking tape, can be filled with a conventional filler 
material, such as a thixotropic gel. It is preferred for 



each of the fiber optic cables of the present invention 
not to include any filler materials, such as thixotropic 
gels, but it is also within the scope of the present inven- 
tion for each of the fiber optic cables of the present 
5 invention to include filler materials, such as thixotropic 
gels. In accordance with the present invention, it is pre- 
ferred for the buffer encasements 36 to sufficiently pro- 
tect the ribbon stacks 32 so that filler materials are not 
required. 

10 [0085] The outer jacket 1 12a can incorporate more 
than two outer strength members 114a. In addition, the 
outer jacket 1 1 2a can be constructed of a metallic mate- 
rial or a dialectric material. Also, the fiber optic cable 
108a can further include metal armor that extends 

15 around and further protects the optical module(s) 30. 

Ninth Embodiment 

[0086] Figure 1 7 is a schematic end elevation view 

20 of a fiber optic cable 108b in accordance with a ninth 
embodiment of the present invention. The fiber optic 
cable 108b of the ninth embodiment is identical to the 
fiber optic cable 108a (Figure 16) of the eighth embodi- 
ment, except for noted variations and variations appar- 

25 ent to those of ordinary skill in the art. 

[0087] The fiber optic cable 108b of the ninth 
embodiment includes multiple ribbon stacks 32 (for 
example see Figure 4) that are in a symmetrical stacked 
arrangement that is generally uniform along the length 

30 of the fiber optic cable and results in dense packaging of 
optical fibers. The multiple ribbon stacks 32 are prefera- 
bly components of multiple optical modules 30. The 
optical modules 30 are preferably not twisted, are pref- 
erably generally polygonal, and are preferably main- 

35 tained in the stacked symmetrical arrangement along 
the entire length of the fiber optic cable 108b. Although 
not shown in Figure 17, the group of optical modules 30 
can be collectively encircled by water-blocking tape (for 
example, see the water-blocking tape 110 (Figure 16)). 

40 Because the optical modules 30 are discreet units, 
operative optical modules can be readily salvaged from 
the fiber optic cable 108b if the fiber optic cable 
becomes damaged. 

45 Tenth Embodiment 

[0088] Figure 18 is a schematic end elevation view 
of a fiber optic cable 108c in accordance with a tenth 
embodiment of the present invention. The fiber optic 

so cable 108c of the tenth embodiment is identical to the 
fiber optic cable 108b (Figure 17) of the ninth embodi- 
ment, except for noted variations and variations appar- 
ent to one of ordinary skill in the art. 
[0089] The fiber optic cable 108c of the tenth 

55 embodiment includes multiple ribbon stacks 32 (for 
example see Figure 4) that are stacked, but they are not 
in a completely symmetrical arrangement. The multiple 
ribbons stacks 32 are preferably components of multiple 
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'optical modules 30. The optical modules 30 are prefer- 
ably not twisted and are preferably generally polygonal 
and maintained in the stacked arrangement along the 
entire length of the fiber optic cable 108c. 

5 

Eleventh Embodiment 

[0090] Figure 19 is a schematic end elevation view 
of a fiber optic cable 108d in accordance with an elev- 
enth embodiment of the present invention. The fiber 10 
optic cable 108d of the eleventh embodiment is identical 
to the fiber optic cable 108a (Figure 16) of the eighth 
embodiment, except for noted variations and variations 
apparent to those of ordinary skill in the art. 
[0091] The fiber optic cable 108c includes multiple 15 
ribbon stacks 32 (for example see Figure 4) that are lat- 
erally spaced apart from one another in a somewhat 
random arrangement so the optical modules are not in a 
symmetrical stacked configuration. The multiple ribbons 
stacks 32 are preferably components of multiple optical 20 
modules 30. Whereas the fiber optic cable 108d of the 
eleventh embodiment is illustrated as including a central 
strength member 116 in addition to the outer strength 
members 114a, it is preferred for the fiber optical cable 
108d to have either the central strength member or the 25 
outer strength members, but not both. Although not 
shown, the group of optical modules 30 can be collec- 
tively encircled by water-blocking tape (for example, see 
the water-blocking tape 110 (Figure 16)). 

30 

Twelfth Embodiment 

[0092] Figure 20 is a schematic end elevation view 
of a fiber optic cable 108e in accordance with a twelfth 
embodiment of the present invention. The fiber optic 35 
cable 108e of the twelfth embodiment is identical to the 
fiber optic cable 108d (Figure 19) of the eleventh 
embodiment, except for noted variations and variations 
apparent to those of ordinary skill in the art. 
[0093] In accordance with the twelfth embodiment, 40 
the multiple ribbon stacks 32 (for example see Figure 4) 
are tightly packed into the outer jacket 1 12e. The multi- 
ple ribbons stacks 32 are preferably components of mul- 
tiple optical modules 30. As one example, the optical 
modules 30 can be characterized as being in a some- 45 
what random arrangement such that they are not in a 
symmetrical stacked configuration, in accordance with 
the twelfth embodiment, the enclosing of the optical 
modules 30 in the longitudinally extending passage 
defined by the outer jacket 1 1 2e causes lateral forces to 50 
be applied to the at least one or more of the optical mod- 
ules so that those optical modules are transitioned from 
their non-skewed configuration to their skewed configu- 
ration. As discussed above and illustrated in Figure 5, 
the skewed configuration occurs when a buffer encase- 55 
ment 36 is laterally deformed and the optical fiber rib- 
bons 34 therein slide laterally relative to one another. 
[0094] It is within the scope of the present invention 



for the enclosing of the optical modules in the longitudi- 
nally passage defined by the outer jacket 112e to 
include operations prior thereto. For example, the lateral 
forces that result in the skewed configuration of optical 
modules 30 can be caused when the optical modules 
are drawn together in preparation for being enclosed in 
the outer jacket 112e. As an additional example, in 
accordance with the twelfth embodiment, the group of 
optical modules 30 can be collectively encircled by 
water-blocking tape (for example, see the water-block- 
ing tape 1 10 (Figure 16)), and the application of the tape 
may result the lateral forces that result in the skewed 
configurations of at least some of the optical modules. 

Thirteenth embodiment 

[0095] Figure 21 is a schematic end elevation view 
of a fiber optic cable 118a in accordance with a thir- 
teenth embodiment of the present invention. The fiber 
optic cable 1 1 8a includes multiple ribbon stacks 32 (for 
example see Figure 4), which are preferably compo- 
nents of optical modules 30. More specifically, the fiber 
optic cable 118a includes a longitudinally extending 
central member 120a defining a longitudinally interior 
passage through which an optical module 30 longitudi- 
nally extends. The central member can be a relatively 
strong central strength member, or it can be a central 
spacer that is not as strong as the central strength 
member. The optical module 30 extending through the 
central member 120a can be characterized as a central 
optical module. Multiple optical modules 30 are 
arranged radially around the periphery of the central 
member 120a. Those radially arranged optical modules 
30 can be characterized as peripheral optical modules. 
[0096] In accordance with the thirteenth embodi- 
ment, the ribbon stack 32 (see Figure 4 for example) of 
the central optical module 30 is in the form of a stack of 
twelve optical fiber ribbons 34 (see Figure 3 for exam- 
ple) with each of those optical fiber ribbons containing 
twelve optical fibers 38 (see Figure 3 for example). In 
accordance with the thirteenth embodiment, each of the 
peripheral optical modules 30 is in the form of a stack of 
twelve optical fiber ribbons 34 with each of those optical 
fiber ribbons containing twelve optical fibers 38. There- 
fore, the optical fiber cable 1 18a has a total fiber count 
of 1008. Variations of the optical fiber cable 1 18a have 
different fiber counts. 

[0097] In accordance with the thirteenth embodi- 
ment, each of the optical modules 30 have approxi- 
mately the same height H (Figure 2) and each of the 
optical modules have approximately the same width W 
(Figure 2). In the end elevation view of the fiber optic 
cable 118a, for each of the peripheral optical modules 
30 the height H is the radial cross-dimension of the 
peripheral optical modules, with the radial directions 
extending from the center of the center optical module 
30 toward the peripheral optical modules. 
[0098] Longitudinally extending strength members 
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122 extend between the peripheral optical modules 30, 
and a longitudinally layer of armor 124a encircles the 
peripheral optical modules. A longitudinally extending 
outer jacket 126a constructed of a polymeric material 
extends around the armor 124a. In accordance with the 5 
thirteenth embodiment, the central optical module 30 is 
approximately centrally located with respect to the outer 
jacket 126a, and a radial distance is defined between 
the center of the central optical module and the center 
of each of the peripheral optical modules 30. The radial 10 
distances defined between the center of the central opti- 
cal module 30 and the center of each of the peripheral 
optical modules 30 are approximately equal. 
[0099] In accordance with one version of the thir- 
teenth embodiment, voids within the fiber optic cable 15 
118a are filled with a conventional flooding material, 
such as a thixotropic gel. In contrast, in accordance with 
another version of the thirteenth embodiment, interior 
spaces of the fiber optic cable 1 18a are not filled with a 
flooding material, such as a thixotropic gel. 20 
[0100] In accordance with a first version of the thir- 
teenth embodiment, the peripheral optical modules 30 
are not stranded. In accordance with this first version, it 
is preferred for the central member 120a not to define a 
lay length. For example, Figure 22 is an isolated per- 25 
spective view of the central member 120a of the fiber 
optic cable 1 18a (Figure 21) in accordance with the first 
version of the thirteenth embodiment. As illustrated in 
Figure 22, the outer surface of the central member 120a 
does not define a lay length. 30 
[0101] In accordance with a second version of the 
thirteenth embodiment, the peripheral optical modules 
30 are longitudinally stranded around the central mem- 
ber 120a. In accordance with one example, the periph- 
eral optical modules 30 are helically, stranded around 35 
the central member 120a, and in accordance with 
another example the peripheral optical modules are S-Z 
stranded around the central member. In accordance 
with this second version, it is preferred for portions of 
the exterior surface of the central member 120a to 40 
define the same type of stranding and lay length as the 
peripheral optical modules. For example, Figure 23 is 
an isolated perspective view of the of the central mem- 
ber 120a of the fiber optic cable 118a (Figure 21) in 
accordance with the second version of the thirteenth 45 
embodiment. 

[0102] As best seen in Figure 21, the outer surface 
of the central member 120a defines a six-sided poly- 
gon-like shape, and the fiber optic cable 1 18a contains 
a corresponding number of peripheral optical modules so 
30. In accordance with an alternative to the thirteenth 
embodiment, the outer surface of the central member 
120a defines a circular shape. In accordance with 
another alternative to the thirteenth embodiment, the 
fiber optic cable 1 1 8a does not include the central mem- 55 
ber 120a, in which case stranding of the peripheral opti- 
cal modules 30 is with respect to the central optical 
module 30. 



Fourteenth Embodiment 

[0103] Figure 24 is a schematic end elevation view 
of a fiber optic cable 118b in accordance with a four- 
teenth embodiment of the present invention. The fiber 
optic cable 1 18b of the fourteenth embodiment is identi- 
cal to the fiber optic cable 118a (Figure 21) of the thir- 
teenth embodiment, except for noted variations and 
variations apparent to those of ordinary skill in the art. 
[0104] In accordance with the fourteenth embodi- 
ment, each of the optical modules 30 of the fiber optic 
cable 1 18b have approximately the same width W (Fig- 
ure 2), and the height H (Figure 2) of the central optical 
module 30 is greater than the height H of the peripheral 
optical modules 30. Incorporating optical modules 30 
having different heights H and / or widths W advanta- 
geously provides for flexibility in cable designs and effi- 
cient packaging of optical fibers in fiber optic cables with 
high fiber counts. 

[0105] In accordance with the fourteenth embodi- 
ment, the ribbon stack 32 (see Figure 4 for example) of 
the central optical module 30 is in the form of a stack of 
eighteen optical fiber ribbons 34 (see Figure 3 for exam- 
ple) with each of those optical fiber ribbons containing 
twenty-four optical fibers 38 (see Figure 3 for example). 
In accordance with the fourteenth embodiment, each of 
the peripheral optical modules 30 is in the form of a 
stack of six optical fiber ribbons 34 with each of those 
optical fiber ribbons containing twenty-four optical fibers 
38. Therefore, the optical fiber cable 118b has a total 
fiber count of 1296. Variations of the optical fiber cable 
1 18b have different fiber counts. 

Fifteenth Embodiment 

[0106] Figure 25 is a schematic end elevation view 
of a fiber optic cable 1 1 8c in accordance with a fifteenth 
embodiment of the present invention. The fiber optic 
cable 118c of the fifteenth embodiment is identical to 
the fiber optic cable 118a (Figure 21) of the thirteenth 
embodiment, except for noted variations and variations 
apparent to those of ordinary skill in the art. 
[0107] In accordance with the fifteenth embodi- 
ment, both the height H (Figure 2) and the width W (Fig- 
ure 2) of the central optical module 30 is greater than 
the height H and width W of each of the peripheral opti- 
cal modules 30. In accordance with the fifteenth embod- 
iment, the ribbon stack 32 (see Figure 4 for example) of 
the central optical modules 30 is in the form of a stack of 
eighteen optical fiber ribbons 34 (see Figure 3 for exam- 
ple) with each of those optical fiber ribbons containing 
twenty-four optical fibers 38 (see Figure 3 for example). 
In accordance with the fifteenth embodiment, each of 
the peripheral optical modules 30 is in the form of a 
stack of twelve optical fiber ribbons 34 with each of 
those optical fiber ribbons containing twelve optical fib- 
ers 38. Therefore, the optical fiber cable 1 1 8c has a total 
fiber count of 1296. Variations of the optical fiber cable 
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" 1 18c have different fiber counts. 
Sixteenth Embodiment 

[0108] Figure 26 is a schematic end elevation view 5 
of a fiber optic cable 118d in accordance with a six- 
teenth embodiment of the present invention. The fiber 
optic cable 1 18d of the sixteenth embodiment is identi- 
cal to the fiber optic cable 118c (Figure 25) of the fif- 
teenth embodiment, except for noted variations and 10 
variations apparent to those of ordinary skill in the art. In 
accordance with the sixteenth embodiment, the outer 
surface of the central member 120d defines an eight- 
sided polygon-like shape and there are eight peripheral 
optical modules. Therefore, the optical fiber cable 1 18d 15 
has a total fiber count of 1584. 
[0109] The fiber optic cables 118a-c (Figures 21 
and 24-26) illustrate that in fiber optic cables of this 
type, maximum packaging efficiency may be achieved 
with a central stack of optical fiber ribbons with relatively 20 
wide (relatively high fiber count) ribbons and peripheral 
stacks of optical fiber ribbons with relatively narrow (rel- 
atively low fiber count) ribbons. 
[0110] Many modifications and other embodiments 
of the invention will come to mind to one skilled in the art 25 
to which this invention pertains having the benefit of the 
teachings presented in the foregoing descriptions and 
the associated drawings. Therefore, it is to be under- 
stood that the invention is not to be limited to the spe- 
cific embodiments disclosed and that modifications and 30 
other embodiments are intended to be included within 
the scope of the appended claims. Although specific 
terms are employed herein, they are used in a generic 
and descriptive sense only and not for purposes of limi- 
tation. 35 

Claims 

1 . A fiber optic cable, comprising: 

40 

a stack of optical fiber ribbons extending in a 
longitudinal direction, wherein each optical 
fiber ribbon comprises a laterally extending 
array of longitudinally extending optical fibers 
bonded together as a unit, each optical fiber 45 
ribbon comprises a pair of longitudinally 
extending opposite edges and a pair of longitu- 
dinally extending opposite surfaces that extend 
laterally between the edges, and each optical 
fiber ribbon has a thickness defined between 50 
its opposite surfaces; and 

a relatively thin sheath comprising longitudi- 
nally extending interior and exterior surfaces, 
wherein the interior surface extends around 55 
and defines a longitudinally extending passage 
that contains the stack, with the interior surface 
closely bounding and engaging the periphery 



of the stack, and in an end elevation view of the 
sheath at least a majority of the sheath has a 
thickness defined between the interior and 
exterior surfaces that is not substantially 
greater than the thickness of each of the optical 
fiber ribbons. 

2. A fiber optic cable according to claim 1 , wherein in 
an end elevation view of the stack the periphery of 
the stack defines a shape, and in the end elevation 
view of the sheath the interior surface of the sheath 
defines a shape that is substantially similar to the 
shape defined by the periphery of the stack in the 
end elevation view of the stack. 

3. A fiber optic cable according to claim 1 , wherein the 
stack is in a longitudinally twisted configuration and 
the sheath is sufficiently rigid to hold the stack in the 
longitudinally twisted configuration. 

4. A fiber optic cable according to claim 1, further 
comprising a longitudinally extending jacket defin- 
ing a longitudinally extending jacket passage, 
wherein the sheath extends within the jacket pas- 
sage. 

5. A fiber optic cable according to claim 4, further 
comprising a longitudinally extending strength 
member within the jacket passage, wherein the 
sheath is longitudinally stranded around the 
strength member. 

6. A fiber optic cable according to claim 1 , wherein the 
interior surface of the sheath is adhered to the 
stack. 

7. A fiber optic cable according to claim 1 , wherein the 
interior surface of the sheath is unadhered to the 
stack and the stack is capable of moving longitudi- 
nally relative to the stack. 

8. A fiber optic cable according to claim 1, wherein in 
the end elevation view of the sheath, the exterior 
surface of the sheath defines a shape that is sub- 
stantially similar to the shape defined by the periph- 
ery of the stack in the end elevation view of the 
stack. 

9. A fiber optic cable according to claim 1 , wherein in 
the end elevation view of the sheath the exterior 
surface of the sheath defines generally polygon-like 
shape, and the sheath comprises thickened por- 
tions proximate to the corners of the polygon-like 
shape. 

10. A fiber optic cable according to claim 9, wherein the 
thickened portions define bulbous-like shapes. 
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1 1. A fiber optic cable according to claim 1 , wherein the 
periphery of the stack bounds a first area in an end 
elevation view of the stack, the interior surface of 
the sheath bounds a second area in the end eleva- 
tion view of the sheath, and the first and second 5 
areas are approximately equal. 

12. A twisted fiber optic cable, comprising: 

a stack of optical fiber ribbons extending in a 10 
longitudinal direction, wherein each optical 
fiber ribbon comprises a laterally extending 
array of longitudinally extending optical fibers 
bonded together as a unit, and the stack is in a 
longitudinally twisted configuration; and 15 

a thin sheath comprising longitudinally extend- 
ing interior and exterior surfaces, wherein, the 
interior surface extends around and defines a 
longitudinally extending passage containing 20 
the stack, the interior surface closely bounds 
and engages the periphery of the stack, the 
sheath is sufficiently rigid to hold the stack in 
the longitudinally twisted configuration, and the 
sheath is thin such that the exterior surface of 25 
the sheath defines ridges that correspond to 
the twist of the stack. 

13. A fiber optic cable according to claim 12, further . 
comprising a longitudinally extending jacket defin- 30 
ing a longitudinally extending jacket passage, 
wherein the sheath extends within the jacket pas- 
sage. 

14. A fiber optic cable according to claim 13, further 35 
comprising a longitudinally extending strength 
member within the jacket passage, wherein the 
sheath is longitudinally stranded around the 
strength member. 

40 

15. A fiber optic cable, comprising: 

a stack of optical fiber ribbons extending in a 
longitudinal direction, wherein each optical 
fiber ribbon comprises a laterally extending 45 
array of longitudinally extending optical fibers 
bonded together as a unit; and 

a buffer encasement comprising longitudinally 
extending interior and exterior surfaces, 50 
wherein the interior surface extends around 
and defines a longitudinally extending passage 
containing the stack, the interior surface 
closely bounds and engages the periphery of 
the stack, and the buffer encasement is: 55 

sufficiently rigid to maintain the stack in a 
stacked configuration, and 



sufficiently flexible to allow the optical fiber rib- 
bons to slide laterally relative to one another so 
that, in an end elevation view of the stack, the 
stack and the buffer encasement can transition 
from a non-skewed configuration to a skewed 
configuration, wherein the lateral displacement 
between the optical fiber ribbons in the skewed 
configuration is different from the lateral dis- 
placement between the optical fiber ribbons in 
the non-skewed configuration. 

16. A fiber optic cable according to claim 15, wherein in 
an end elevation view of the stack the periphery of 
the stack defines a generally rectangular shape, 
and in an end elevation view of the buffer encase- 
ment the interior surface defines a shape that is 
substantially similar to the shape defined by the 
periphery of the stack in the end elevation view of 
the stack. 

17. A fiber optic cable according to claim 15, wherein 
the stack is in a longitudinally twisted configuration 
and the buffer encasement is operative to hold the 
stack in the longitudinally twisted configuration. 

18. A fiber optic cable according to claim 15, further 
comprising a longitudinally extending jacket defin- 
ing a longitudinally extending jacket passage, 
wherein the buffer encasement extends within the 
jacket passage. 

19. A fiber optic cable according to claim 18, further 
comprising a longitudinally extending strength 
member within the jacket passage, wherein the 
buffer encasement is longitudinally stranded 
around the strength member. 

20. A fiber optic cable according to claim 15, wherein 
the stack is approximately in the form of a parallelo- 
gram with oblique angles in the skewed configura- 
tion. 

21. A fiber optic cable according to claim 15, wherein: 

each optical fiber ribbon includes a pair of lon- 
gitudinally extending opposite edges and a pair 
of longitudinally extending and opposite sur- 
faces that extend laterally between the edges; 
and 

the fiber optic cable further comprises a lubri- 
cant that is upon the surfaces of the optical 
fiber ribbons, whereby the ability of the optical 
fiber ribbons to be slid laterally relative to one 
another is enhanced and the ability of the stack 
to be transitioned from the non-skewed config- 
uration to the skewed configuration is 
enhanced. 
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'22. A method of manufacturing a fiber optic cable that 
provides for dense and efficient packaging of stacks 
of optical fiber ribbons, comprising the steps of: 

providing a plurality of optical modules, 
wherein each optical module comprises 

a stack of optical fiber ribbons extending in 
a longitudinal direction, wherein each opti- 
cal fiber ribbon comprises a laterally 
extending array of longitudinally extending 
optical fibers bonded together as a unit, 
and 

a sheath comprising longitudinally extend- 
ing interior and exterior surfaces, wherein 
the interior surface extends around and 
defines a longitudinally extending passage 
containing the stack, and the interior sur- 
face closely bounds the stack; and 

enclosing the optical modules in a longitudi- 
nally extending passage defined by a jacket, 
wherein the enclosing comprises the following 
steps for at least one of the optical modules: 

applying lateral forces to the sheath so that the 
sheath is deformed and the optical fiber rib- 
bons slide laterally relative to one another so 
that the stack is transitioned from a non- 
skewed configuration to a skewed configuration 
in an end elevation view of the stack, wherein 
the lateral displacement between the optical 
fiber ribbons in the skewed configuration is dif- 
ferent from the lateral displacement between 
the optical fiber ribbons in the non-skewed con- 
figuration.. 

23. A method of manufacturing a fiber optic cable, com- 
prising the steps of: 

advancing in a longitudinal direction a longitu- 
dinally extending stack of optical fiber ribbons; 

longitudinally twisting the stack; 

retaining the twist, comprising the step of 
encasing the twisted stack in a buffer encase- 
ment, wherein the buffer encasement has an 
interior surface that closely bounds and 
engages the periphery of the stack and is suffi- 
ciently rigid to retain the twist. 

24. A method according to claim 23, wherein the step of 
encasing the twisted stack in an buffer encasement 
comprises the step of applying a longitudinally 
extending tape to the twisted stack. 



25. A method according to claim 23, wherein the step of 
encasing the twisted stack in an buffer encasement 
comprises the step of wrapping material helically 
around the twisted stack. 

5 

26. A method according to claim 23, wherein the step of 
encasing the twisted stack in an buffer encasement 
comprises the step of extruding onto the twisted 
stack. 

10 

27. A method according to claim 23, wherein the step of 
encasing the twisted stack in an buffer encasement 
comprises the steps of coating the twisted stack 
with an ultraviolet-curable material and thereafter 

15 exposing the ultraviolet-curable material to ultravio- 
let radiation. 
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(54) Stacks of optical fiber ribbons closely bound by respective buffer encasements, associated 
methods, and associated fiber optic cables 



(57) An optical module (30b) includes a stack of op- 
tical fiber ribbons (32b) that are within a buffer encase- 
ment (36b), such as a thin sheath, that closely bounds 
the periphery of the stack (32b). The optical modules 
(30b) can be rectangular, so that the optical modules 
(30b) can be readily stacked in a manner that results in 
a very space efficient fiber optic cable. The optical mod- 
ules (30b) can be tested prior to being incorporated into 
the fiber optic cable so as to maximize the probability of 
the fiber optic cable being fully operable. The sheath 
cushions all of the sides of the stack (32b). in some op- 
tical modules (30b), the stack is movable relative to the 
sheath and the optical fiber ribbons are movable relative 
to one another. The sheath is preferably sufficiently rigid 
to maintain the stack in a stacked configuration, and suf- 
ficiently flexible to allow the optical fiber ribbons (32b) 
to slide laterally relative to one another so that, in an end 
elevation view of the stack, the stack and the sheath can 
transition from a non-skewed configuration to a skewed 
configuration. The lateral displacement between the op- 
tical fiber ribbons in the skewed configuration is different 
from the lateral displacement between the optical fiber 



ribbons in the non-skewed configuration. The stack can 
be in a longitudinally twisted configuration, and the 
sheath is sufficiently rigid to hold the stack in the longi- 
tudinally twisted configuration. Further, the sheath can 
be thin such that the exterior surface of the sheath de- 
fines ridges that correspond to the twist of the stack. 
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